Induced overexpression of OCT4A in human embryonic stem cells increases cloning efficiency.
Our knowledge of the molecular mechanisms underlying human embryonic stem cell (hESC) self-renewal and differentiation is incomplete. The level of octamer-binding transcription factor 4 (Oct4), a critical regulator of pluripotency, is precisely controlled in mouse embryonic stem cells. However, studies of human OCT4 are often confounded by the presence of three isoforms and six expressed pseudogenes, which has complicated the interpretation of results. Using an inducible lentiviral overexpression and knockdown system to manipulate OCT4A above or below physiological levels, we specifically examine the functional role of the OCT4A isoform in hESC. (We also designed and generated a comparable series of vectors, which were not functional, for the overexpression and knockdown of OCT4B.) We show that specific knockdown of OCT4A results in hESC differentiation, as indicated by morphology changes, cell surface antigen expression, and upregulation of ectodermal genes. In contrast, inducible overexpression of OCT4A in hESC leads to a transient instability of the hESC phenotype, as indicated by changes in morphology, cell surface antigen expression, and transcriptional profile, that returns to baseline within 5 days. Interestingly, sustained expression of OCT4A past 5 days enhances hESC cloning efficiency, suggesting that higher levels of OCT4A can support self-renewal. Overall, our results indicate that high levels of OCT4A increase hESC cloning efficiency and do not induce differentiation (whereas OCT4B expression cannot be induced in hESC), highlighting the importance of isoform-specific studies in a stable and inducible expression system for human OCT4. Additionally, we demonstrate the utility of an efficient method for conditional gene expression in hESC.